Objective: To study the relationship between percent body fat and body mass index (BMI) in two different ethnic groups (Indonesians and Caucasians) in order to evaluate the validity of the BMI cut-off points for obesity. Design: Cross-sectional study. Subjects: Not specially selected populations living in southern Sumatra (Palembang, Indonesia) and Caucasian Dutch living in Wageningen. Measurements: Body weight, body height, body fat by deuterium oxide dilution and skinfold thickness. Results: Body fat could be well predicted by body mass index (BMI) and sex in the Indonesians and by BMI, sex and age in the Dutch with a prediction error of 3.6 and 3.3% for the two populations respectively. Although the body mass index in the Indonesian group was about 2 kgam 2 lower compared to the Dutch, the amount of body fat was 3% points higher. Because of small differences between the groups in age, weight and height the differences in body fat were corrected for this (ANOVA). Indonesians having the same weight, height, age and sex have generally 4.8% points more body fat compared to Dutch. Indonesians having the same % BF, age and sex have generally a 2.9 kgam 2 lower BMI compared to the Dutch.
Introduction
The prevalence of obesity and the inherent complications as increased mortality due to coronary heart disease is increasing in Indonesia (Soemantri & Siregar, 1997) and is currently (1992) 16.6% of all mortality causes. In a recently performed large epidemiological study in the 12 biggest cities in Indonesia (Anonymous, 1997) , the prevalence of obesity, de®ned as body mass index (BMI, weightaheight 2 , kgam 2 ) b 27 kgam 2 was found to be 12.4% with a range of 9.8% in Semarang to 16.7% in Medan. If obesity is de®ned using a cut off point of 30 kgam 2 , the mean prevalence in these 12 cities was 4.6%. Although these values are low compared to values reported in western populations (for example in England 15% Presscot Clarke & Primatesta, 1997 , the Netherlands 8% (Seidell, 1997) ) they are higher compared to the Indonesian prevalence a few years ago (Soemantri & Siregar, 1997) . Data from the Indonesian National Institute of Statistics, Bappenas, indicate that mortality due to coronary heart disease is annually increasing by one percent point (Central Bureau of Statistics, 1997) . The problem is not limited to Indonesia itself. It is generally recognized that due to a very fast (nutritional) transition incidence and prevalence ®gures for`western' diseases are increasing in less developed countries (Drewnowski & Popkin, 1997) .
In epidemiological studies under-and overweightaobesity is de®ned on the basis of the BMI. Based on (Garrow, 1981) the WHO suggests cut off values for overweight and obesity of b 25 kgam 2 and b 30 kgam 2 respectively (WHO, 1995 (WHO, , 1997 . It is recognized by the WHO that these cut-off values might be slightly different for different populations (WHO, 1995 (WHO, , 1997 . There is an increasing number of publications showing that the relationship between %BF and BMI is different among populations (Norgan, 1994a) . Wang et al, 1994 showed that`Asians' have a higher %BF but lower BMI compared to Caucasians, which could not be con®rmed in a Beijing Chinese population (Deurenberg et al, 1997) . Gallagher et al, 1996 showed that there was no difference in the %BF and BMI relationship between whites and blacks living in New York, but Luke et al, 1997 showed that the same relationship is different between black population samples in Nigeria, Jamaica and the United States. Swinburn reported a relatively low body fat at any given body size in Polynesians compared to Caucasians (Swinburn et al, 1996) . In a body composition in Jakarta it was found that %BF, predicted from BMI, age and sex using a`Dutch' prediction formula, largely under predicts %BF measured by a three compartment model based on densitometry and deuterium oxide dilution (Siri, 1961; Bergsma-Kadijk et al, 1996) . As only young subjects volunteered in that study and the number of subjects was small, a larger scale study was performed in a less selected population.
The aim of this present study is to test whether the relationship between %BF and BMI is different in Indonesians compared to Dutch Caucasians. For that reason data of a Dutch group were matched with the Indonesian data and comparative analyses were performed.
Subjects and methods
The Indonesian subjects were employees of the Provincial Health Department of South Sumatra, Palembang and students of the Nutrition Academy (GIZI) in Palembang, Sumatra, Indonesia. An announcement was made to the employees and students a few days before the measurements and volunteers were invited to come in the fasting state to the Provincial Health Department where all measurements were taken in the morning hours.
Body weight was measured without shoes and without heavy clothing to the nearest 0.5 kg. To correct for clothing 1 kg was subtracted from the readings of all subjects. Body height (without shoes) was measured to the nearest 0.5 cm with a wall mounted stadiometer. BMI (weightaheight 2 , kgam 2 ) was calculated. Also sitting height was measured and relative sitting height was calculated as sitting heighta standing height. Skinfold thickness was measured at four sites (biceps, triceps, subscapular, supra-iliac) on the left side of the body and %BF was calculated according to Durnin & Womersley (1974) .
After the anthropometric measurements had been taken the subjects drank an accurately weighed dose of about 10 g deuterium oxide. After 2 1 2 ± 3 hours a venous blood sample was drawn and plasma was separated and stored at minus 10 C until analyses. Deuterium in plasma was analyzed by infrared spectroscopy after sublimation of the plasma (Lukaski & Johnson, 1985) . Chemical analyses were done at the laboratory of the department of Human Nutrition and Epidemiology of the Wageningen Agricultural University. Total body water (TBW) was calculated from the given dose and the deuterium concentration in plasma, after correcting for 5% non aqueous dilution of deuterium (Forbes, 1987) . Fat free mass (FFM) was assessed from TBW assuming 0.726% hydration (Forbes, 1987) . Percent body fat (%BF) was calculated as 100 6 (weight 7 FFM)aweight. Fat free mass index (FFMI, kgam 2 ) and fat mass index (FMI, kgam 2 ) were calculated from weight and %BF (Van Itallie et al, 1990) .
Percent body fat was predicted with age-and sexspeci®c prediction formulas using a formula developed in a Dutch population and cross-validated in several population groups (Deurenberg et al, 1991 (Deurenberg et al, , 1997 . Data of the Indonesian subjects were combined with data of Dutch subjects, measured in several previous studies, using the same methodologies and standardized techniques. The Dutch subjects were selected from a data set of 400 subjects in a way that there were no differences in age and %BF between the groups within each gender and that they were not specially performed in sports or strenuous physical activities. Because of differences in body height between the groups it was decided not to match on BMI. No data on skinfold thickness and sitting height were available for all Dutch subjects selected for this purpose.
Data were analyzed using SPSS (release 7.0) for Windows (SPSS, 1995) . Differences between variables in the same subjects were tested by Student's paired t-test. Differences between groups were tested by analysis of (co)-variance, using the GLM procedure. Stepwise multiple linear regression was used with gender and ethnic group coded as dummy variable (females 0, males 1; Palembang 0, Wageningen 1). Differences were regarded as statistical signi®cant if P`0.05 (two sided, where appropriate). Values are given as mean AE s.d., unless otherwise indicated.
Results
In total 130 subjects were measured in Palembang, of which 120 could be supplied with deuterium oxide. In 10 subjects there were dif®culties with blood sampling andaor with the analyses of the blood samples and the data of only 110 subjects could be used in statistical analyses. All subjects were apparently healthy and ranged in age from 22 ± 55 y, in BMI from 15.8 ± 36.6 kgam 2 , in height from 1.37 ± 1.78 m and in weight from 36.0 ± 91.8 kg. The Dutch group consisted of 106 males and females of the same age and %BF. Some characteristics of the two groups are given in Table 1 . BMI was higher in the Dutch subjects, but the difference was only statistically signi®cant in males.
In Table 2 the coef®cients for the stepwise multiple regression between %BF as dependent variable and BMI, age and sex as independent variables are given, for the Palembang group, for the Wageningen group and for the two groups combined. The relationship between body fat and BMI is quite different in the two groups. Combining the data and adding group as a dummy variable resulted in a signi®cant contribution of the group variable (difference in %BF at same level of BMI, age and sex is 4.7%). After group' was entered in the regression model, the inclusion Relationship between body fat and BMI S Gurrici et al of the interaction factors BMI 6 group and age 6 sex resulted in a small increase in explained variance of one percent, showing that the slope of the BF% vs BMI relationship is slightly different between the groups and that the in¯uence of age is slightly different for males and females. The contribution to the total explained variance is too small (0.02) to be of practical importance. When thè Indonesian' prediction formula was applied to the Dutch group predicted %BF (males and females combined) was as high as 33.7 AE 6.6%, whereas assessed %BF was only 29.1 AE 8.8% (P`0.001). Application of the`Dutch' formula to the Indonesian group resulted in an underestimation of %BF (26.6 AE 8.0% compared to 31.8 AE 7.4%, P`0.001). Figure 1 shows a plot of the assessed minus predicted %BF (using the formula developed from the data of the combined group) against %BF from deuterium oxide. The prediction formula tends to overestimate at lower levels and to under predict at higher levels of %BF. Because of the differences between the two ethnic groups, %BF was corrected for differences in weight, height, age and sex by analysis of covariance. After this correction %BF in the Palembang group was 4.8 AE 0.5 (s.e.m.) percent higher compared to the Wageningen group. If BMI was corrected for differences in %BF, age and sex, the BMI was 2.9 AE 0.3 (s.e.m.) kgam 2 units lower in the Palembang group. These analyses indicate that the Palembang subjects have 4.8% more body fat at the same weight, height age and sex and that at a same level of body fatness they have a 2.9 kgam 2 lower BMI. In Figure 2 the differences in the relationship between %BF and BMI between the two different ethnic groups are shown for males and females separately.
In Table 3 the BMI is split into the fat mass index (FMI) and the fat free mass index (FFMI). It can be seen that the Palembang population has a relatively lower FFMI compared to the Dutch population, indicating that their fat free mass, also after correcting for height is lower.
Discussion
The presented data of the Palembang population and the Wageningen population can not be regarded as representative for the Indonesian and the Dutch population respectively. The two study groups are dif®cult to compare with relation to socio-economic class, because of the different states of development in both countries. Comparing the mean values of body weight and body height of the Palembang males and females showed that weight in the present group was about 8 kg higher than the average value of the 12-city study (Anonymous, 1991) in males of the same age, but was not different in females. The relatively high socio-economic class of the studied group could explain the difference in weight in males as the prevalence of obesity is positively related to socio-economic class in Indonesia (Presscot Clarke & Primatesta 1997) . In the 12-city study no fat measurements were included, but it is likely that the higher mean weight is due to body fat. Body height did not differ compared to the mean values as observed in the 12-city study. The weight for the Wageningen group is about 3 and 5 kg higher respectively compared All regression coef®cients signi®cant (P`0.05).
Figure 1 Individual differences between assessed and predicted body fat from body mass index. Relationship between body fat and BMI S Gurrici et al to the mean values of the Dutch male and female population of that age in 1996 and body height equals the mean values in both males and females (Central Bureau of Statistics, 1996) . This information does, however, provide no information about the actual level of body fatness in the two populations. From Table 2 it is obvious that the relationship between body fat and BMI is different between the two studied groups. This is also shown by the fact that the prediction formula developed in the Indonesian group overestimated %BF in the Dutch group by 4.6 AE 3.9% points whereas the prediction formula developed in the Dutch group underestimated %BF in the Indonesian group with 5.2 AE 4.0% point. Analysis of co-variance showed that for the same BMI, age and sex, the Indonesians have higher %BF. Also the increase in %BF per unit BMI is higher in the Indonesians compared to the Dutch (regression coef®cient in Table 2 ). The underestimation of %BF from BMI formulas seems to hold generally for`Caucasian' prediction formulas as see for example (Womersley & Durnin, 1997; Deurenberg et al, 1997) , and (Gallagher et al, 1996, Caucasian formula) equations all show a remarkable underestimation in the Indonesians, varying from 5 ± 9% BF. These results con®rm the results of a study in young Indonesian students in Jakarta in which body fat was measured using a three compartment model (Siri, 1961) , as well as the results from a recent study in Bangkok (Stevens, 1997) in young to middle aged women where DXA was used as a reference method.
Different relationships between body fat and BMI are reported earlier in the literature (Wang et al, 1994; Swinburn et al, 1996; Luke et al, 1997) . Recently Norgan, 1994 discussed this topic in an overview. It could be argued that the different relationship as found in the present study is due to erroneous assumptions in the method of reference (deuterium oxide dilution and calculation of the fat free mass assuming a constant hydration of 0.726%). It can be calculated, however, that a hydration of the fat free mass as low as 70% would still result in a higher assessed body fat compared to predicted from BMI using`Caucasian' prediction formulas. Apart, there are no indications that the level of hydration in the fat free mass is lower in Indonesians as a recent study showed that there are no differences in body fat from densitometry and deuterium oxide dilution and the ratio of extra cellular water to total body water is not lower compared to Dutch subjects .
The reason for the different relationship between body fat and BMI could be differences in muscularity as pointed out by Luke et al, (1997) . BMI is an index of weight corrected for height, and as such it does not provide any information about the actual body composition in terms of fat and fat free mass. It could be that the studied Dutch population was more muscular compared to the Indonesian population, but the Dutch subjects were, like the Indonesians, not specially selected and they were not involved in sports or other strenuous physical activities. The differences could also be due to differences in body build. Norgan pointed out that differences in relative leg length could be partly responsible for differences in BMI and thus in differences in the relationship between %BF and BMI (Norgan, 1994a; 1994b) . The relative sitting height of the Indonesians (0.52 AE 0.01) was however comparable to the relative sitting height as found in a Dutch study in 40 ± 60 y old subjects (0.53 AE 0.01, results not published). Apart from relative sitting height (or leg length) also differences in frame size could contribute to the different relationship between body fat and BMI, subjects with a smaller frame size having less bone mass and eventually also less muscle mass and connective tissue. Unfortunately no data on frame size are available for the two groups.
Whatever the reasons for the different %BFaBMI relationship may be, it might have big consequences for public health policies. As it is likely that not BMI, but %BF is a more potent risk factor for CVD and increased mortality rates (WHO, 1997), the ultimate consequence of the ®nd-ings in this study is, that cut-off points for obesity (30 kgam 2 ) as proposed by WHO (1995 WHO ( , 1997 ) may have to be re-de®ned in some populations. From the data of this study it could be concluded that the cut-off point for obesity should be 2.9 units lower in Indonesians compared to the Dutch.
In Indonesia a cut off point for obesity of 27 kgam 2 is already used because of statistical reasons (Anonymous 1997) . Although it can not yet be regarded as proven from this study that the choice for this lower cut-off is correct, there is at least some evidence that a cut off point of 30 kgam 2 might be too high in some Indonesians population groups. From a study of Rose, (1991) it can be concluded that a lowering of the cut off value for obesity from 30 ± 27 kgam 2 would result in an increase in the prevalence of obesity in the population of about 10 ± 15% points. This is con®rmed from the data of the 12-city study (Anonymous, 1997) where indeed only 4.6% of the study population had a BMI over 30 kgam 2 , but as much as 12.4% of the population a BMI over 27 kgam 2 .
Conclusions
The relationship between %BF and BMI in a non selected population in Palembang, Sumatra, Indonesia was found to be different compared to an age and body fat matched Dutch (Caucasian) population. At the same level of body fat, and corrected for age and sex, the Indonesian subjects had a nearly 3 units lower BMI. The consequence of this ®nding is that the cut-off value for obesity in (at least part of) the Indonesian population might be lower compared to the Caucasian (Dutch) population and should be 27 kgam 2 instead of the WHO recommendation of 30 kgam 2 .
